Introduction
Atherosclerotic coronary artery disease leads to focal myocardial ischaemia and consequently to focal abnormalities of left ventricular contraction.
Proper understanding of the pathophysiology of ischaemic heart disease thus requires that such localized abnormalities of left ventricular movement be demonstrated. The most graphic method available is the cine left ventricular angiocardiogram and in this paper the significance is considered of various local abnormalities of left ventricular contraction which may be seen at left ventricular angiocardiography under various conditions. All the comments that follow are based on observations made on cin6 ventriculograms filmed in the 30°r ight anterior oblique (RAO) projection, on full inspiration. In these angiograms, contrast medium was injected into the left ventricle using a catheter passed retrogradely through the aortic valve. All studies were made during the course of routine coronary arteriography performed for the investigation of suspected ischaemic heart disease.
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The RAO left ventriculogram is illustrated in Fig. 1 . Contraction from diastole to systole occurs concentrically and equally towards aortic and mitral valves. To aid in description the left ventricular outline may be divided into segments, and the authors refer to anterior wall, apex, and inferior wall ( Fig. 2) , qualifying the location of any abnormality of wall movement within these broad categories. Abnormalities of wall movement have been divided into dyskinesia, when the abnormal wall segments moves paradoxically; akinesia when it remains immobile during contraction; and hypokinesia when it moves in similar direction to the rest of the heart but with a lesser excursion (Gorlin, Klein and Sullivan, 1967) . The authors prefer the term dyskinesia to refer to any local abnormality of wall movement, visible as the cine angiogram is played, and this is how the term is used in the text. In all their work the authors found complete agreement between three observers on the presence and locations of dyskinesia in any given left ventriculogram, though less agreement on the extent and severity of the abnormality.
Left ventricular aneurysm
The authors' interest in left ventricular dyskinesia began with an investigation into the angiographic appearance of left ventricular aneurysm (Raphael et al., 1972) . Patients with this condition usually present with left ventricular failure following a major myocardial infarction, more rarely with arrhythmias or angina. In the majority of such patients resection of the aneurysm may be performed with a relatively low mortality and marked relief of symptoms, so accurate diagnosis is of major importance. Raphael and his colleagues (Raphael et al., 1972) (Cheng, 1971 (Sharma et al., 1976) . A rise in LVEDP seen when angina developed was much greater in the ischaemic than in the normal heart (Fig. 8) . (a) These patients were found to have normal coronary arteries and normal left ventricular function during routine investigation.
(b) Symptomatic patients with demonstrated coronary artery disease, but in whom exercise did not bring on anginal pain during the study.
(c) Patients with proved coronary artery disease in whom exercise during the study produced anginal pain.
All three groups showed a rise in end-diastolic pressure on exercise.
(Reproduced by kind permission of the British Heart Journal.) left ventricular volume showed a variable effect on the ejection fraction when angina developed; in the main it declined, often markedly, whereas in normal hearts it increased (Fig. 9) . Diastolic volume increased dramatically when angina developed ( Fig.   10 ) and so did systolic volume, both declining in The groups are divided up as in Fig. 8 The same division of patients as in Fig. 8 . All patients with normal left ventricles responded to exercise by reducing their systolic volumes and this is how they increase stroke volume and increase their ejection fraction.
In the presence of ischaemic heart disease, even if angina is not produced by that level of exercise, the systolic volume failed to reduce. When angina developed there was usually a major increase in the systolic volume.
(Reproduced by kind permission of the British Heart Journal.) normal patients (Fig. 11) . It was of particular interest to note that the systolic volume on exercise which always declined in normal hearts, failed to change significantly in the ischaemic left ventricle on exercise, even if pain did not develop. Thus the response of the systolic volume to exercise revealed a functional impairment in the ischaemic left ventricle which might by other criteria appear entirely normal. It is hoped that it will be possible to demonstrate that successful myocardial revascularization can reverse the abnormal haemodynamic response of the ischaemic left ventricle to exercise, and to provide confirmation that myocardial revascularization improves ventricular function as well as relieving the symptoms of ischaemic heart disease ( Fig.  12) .
A trial pacing Right atrial pacing has been used in the assessment of ischaemic heart disease for many years.
Left ventriculography performed during anginal pain produced by atrial pacing is able to induce or extend areas of dyskinesia, although reports in the literature suggest that dyskinesia may be seen in only a proportion of patients even if angina develops (Dwyer, 1970; Pasternac et al., 1972) . In 
Conclusion
Localized areas of abnormal contraction seen on the resting left ventriculogram represent the site of myocardial ischaemia, usually due to myocardial infarction. The size and severity of the abnormal movement indicate the size and severity of the process. Small areas, possibly representing partial thickness infarcts, are not associated with impaired ventricular emptying and may be reversible with successful revascularization surgery. Gross dyskinesia usually represents full thickness infarction, impaired emptying is often present, and the abnormality is not reversible. The grossest dyskinesia, left ventricular aneurysm, is associated with markedly impaired function that may be treated by surgical excision. Left ventriculography demonstrates the reversible loss of muscle function associated with acute ischaemia in angina pectoris-it enables the haemodynamic abnormality of ischaemic heart disease on exercise to be defined, and contrasted with the abnormality produced by atrial pacing.
